Free carotenoid and carotenoid ester composition in native orange juices of different varieties.
Introduction
Among the citrus species, orange has been the most studied given its importance in terms of production and its industrial application in juices. In fact, orange juice is probably the most consumed fruit juice worldwide [1] . Citrus fruits, particularly orange, are commonly regarded as the most complex natural source of carotenoids. Some of orange juice's organoleptic and functional properties, which make it an attractive product for the consumer, are due to its carotenoid composition. Carotenoids are an important kind of natural pigment that can be widely found in plantderived food and products. More than 700 different natural compounds have been described belonging to this group. Although these compounds have been traditionally used in the food industry as colorants, nowadays, they attract great attention since they have been described as possessing several important functional properties, mainly antioxidant activity [2] [3] [4] , as well as prevention of cardiovascular diseases [5, 6] , cancer [7, 8] and macular degeneration [9, 10] and, in some cases, provitamin A activity. These properties make these compounds ideal for the always increasing functional food industry as well as promoting the consumption of the natural products in which they are contained.
The chemical structure of carotenoids is usually based in a C 40 tetraterpenoid structure with a centrally located, extended conjugated double-bond system which acts as the light-absorbing chromophore and is related to the colour shown [11] . Taking into account their chemical structure, these compounds can be divided into two different groups: firstly, hydrocarbon carotenoids, generally named carotenes; and oxygenated carotenoids, commonly known as xanthophylls. This second group is the most complex one in terms of number of compounds and variations in their structure, and can be found in either its free form (as the carotenes are found) or in a more stable fatty acid esterified form in the case of mono-and polyhydroxylated xanthophylls. Thus, in view of the fact that a single carotenoid could be found forming different esters, the already complex natural variability of carotenoids is often increased by the formation of these carotenoid esters. For this reason, to simplify the analysis of these compounds, the most used approach consists of carotenoid analysis after a saponification process. This saponification step allows the release of the carotenoids bound to the fatty acids and their analysis in their free form. Besides, this procedure acts as a clean-up step, eliminating compounds that could interfere in the analysis such as chlorophylls or lipids. In this way the carotenoid composition of citrus [12] [13] [14] , particularly orange [1, [15] [16] [17] [18] [19] , among other fruits [3, [20] [21] , has been extensively studied.
Regarding the carotenoid composition of orange, violaxanthin, luteoxanthin, lutein, -cryptoxanthin, antheraxanthin, mutatoxanthin and zeaxanthin have usually been identified as the major carotenoids. However, this approach is not free of drawbacks. In fact, the saponification procedure is well known to produce carotenoid degradation as well as isomerisation and artefact formation, preventing the discerning of the precise native carotenoid composition. In this sense, a different more complex approach could be used, based on the study of the carotenoid ester distribution of the sample as a way of knowing the real native carotenoid composition. Recently, the study of carotenoid esters has been proposed to evaluate fruit product authenticity [22] or even to be used as a ripeness index [23] . Due to the complexity of this task, this approach has been much less used [24] and has been generally aimed at the study of the esters formed by a particular carotenoid. -cryptoxanthin esters from different vegetables and fruit [25] as well as astaxanthin esters from different matrices [26, 27] , and zeaxanthin esters in plants [28] , among others [24, 29] , have been studied.
Conventional LC (Liquid Chromatography) has been the technique generally chosen to carry out carotenoid analysis [19] . In particular, since their introduction by Sander et al. [30] , C 30 stationary phases have been widely employed to this aim. Philip et al. [31] described the determination of carotenoid esters in orange juice, but in their work they carried out a complex sample preparation procedure and different separated analytical steps. Besides, although the particular carotenoid profile of a given orange variety depends to a great extent on genetic and environmental factor differences in the carotenoid composition of orange juices, as well as relationships between them, it could be useful to determine their authenticity, and the presence of adulterations as well as the ripeness stage of the fruits used or the age of the juices [32] . In our study we report on the application of a HPLC-DAD-MS (High-Performance-Liquid-Chromatography-DiodeArray-Detector-Mass-Spectrometry) method using C 30 stationary phases for the analysis of the carotenoid native composition in eight different varieties of orange juices cultivated in Sicily, Italy. To the best of our knowledge, this is the first time that this methodology has been applied to characterising, both qualitatively and quantitatively, the whole carotenoid pattern (carotenoid esters and free carotenoids) in orange juices from the Bionda, Brasiliana, Moro, Ovale, Sanguinello, Tarocco, Valencia and Washington varieties.
Materials and methods

Samples and chemicals
Monovarietal fresh orange juices were obtained from squeezing mid-season oranges (Citrus sinensis varieties: Bionda, Brasiliana, Moro, Ovale, Sanguinello, Tarocco, Valencia and Washington) cultivated and supplied by a local producer.
The solvents methanol, methyl tert-butyl ether (MTBE) and water were of HPLC grade and purchased from Sigma-Aldrich (Milan, Italy). Butylated hydroxytoluene (BHT), ethyl acetate and petroleum ether were also obtained from Sigma-Aldrich. Carotenoid standards were purchased from Extrasynthese (Genay, France), or purified in our laboratory using the conventional methods of carotenoid purification [33] , and in some cases esterified according to Breithaupt and Bamedi's method [25] . To extract the carotenoids from the samples, the orange juice was treated as described by Schlatterer and Breithaupt [17] . Natural orange juice (80 g) was added to a separation funnel and extracted four times with methanol/ethyl acetate/petroleum ether (1/1/1). The upper phase was kept and ca. 2 mg of BHT were added prior to evaporation under vacuum until dryness. The dry residue was then resuspended in a given volume of MTBE/ methanol (1/1) and stored protected from light at -18 °C until use.
Instruments and method
A Shimadzu HPLC instrument (Shimadzu, Milan, Italy) was employed including a SCL-10A-VP system controller, two LC-10AD-VP pumps, and a SPD-10Avp diode array detector. A Shimadzu mass spectrometer, LCMS-2010, equipped with an APCI interface in the positive ion mode was installed in series. The APCI parameters were set as follows: probe voltage, 4. 
Results and discussion
In studies on the carotenoid composition in natural matrices, there is a general agreement concerning the possibility of finding artefacts as well as isomerisation, rearrangements and underestimation of some carotenoids, after saponification, usually performed to release the carotenoids in their free form and to simplify their analysis. Thus, the study of intact carotenoids' (samples without saponification) composition could
be a useful tool to increase the certainty about the carotenoids naturally found and the relationships between them, and could also be used to establish authenticity markers among orange varieties that could potentially be used to prevent adulterations. Moreover, xanthophylls included in our diet are commonly esterified with fatty acids. Colour is one important attribute of orange juices and is mainly due to carotenoid pigments. Detection of adulteration to orange juices is of concern to consumers, regulatory agencies and citrus processing industries. Moreover, the correct characterisation of these compounds is necessary to obtain reliable compositional data for realistic and valuable conclusions in nutritional studies. Thus, a better approach to carotenoid content is through classifying plant materials depending on a free or esterified xanthophyll profile.
In our work, the native carotenoid composition of eight different varieties (Bionda, Brasiliana, Moro, Ovale, Sanguinello, Tarocco, Valencia and Washington) of orange juices is reported. The compounds were characterised in terms of UV/Vis and MS spectra and their content in each sample analysed (table I). The identification was carried out by combining the information provided by the two detectors employed (i.e., DAD and MS detectors), the retention times of the available standards, and the identifications previously carried out in our work on the analysis of the native carotenoid composition in orange juice using C 30 columns [34] and also in our study on the application of a comprehensive liquid chromatographic method in the separation of epoxycarotenoid esters in orange juices [35] . The quantitative data were obtained by using the method of external standard calibration after the construction of the calibration curves. The coefficient of variation was below 8% in all measurements and the data were the mean values of three determinations. The results show that, in these juices, the xanthophylls are mostly esterified (93% of the total carotenoid mean content). Although esterification does not change the visible light absorption properties, esterification increases the solubility of xanthophylls in lipids with which they are associated in nature and this is related to specific objectives for the plants and may also be related to an improvement of the carotenoid bioavailability. Moreover, although esterification does not change the chromophore properties of the carotenoid molecule, it does modify the immediate molecular environment and therefore the chemical activities may be altered depending on the kind of fatty acid bound to the xanthophylls.
The different varieties investigated showed variations in their carotenoid concentrations. The total carotenoid contents ranged from 2.42 µg·g -1 in the Washington variety to 15.8 µg·g -1 in the Valencia variety (table I); this range is in agreement with Breithaupt et al.'s report on the total carotenoid contents in orange [25] and also in agreement with the report of MelendezMartinez et al. on the Valencia variety, which can be regarded as having one of the highest carotenoid contents among the orange varieties [36] . Among the varieties studied in our work, only the Sanguinello variety showed a total carotenoid content similar to the Valencia variety (14.59 µg·g -1 ). 
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The main carotenoids in the native samples were -cryptoxanthin, violaxanthin and luteoxanthin (figure 1), which were mainly present in their more stable mono-and diester forms (table I) . The fatty acids esterifing the xanthophylls ranged from C 10 to C 16 . The formation of luteoxanthin is probably due to the acidity of the juice which could be enough to promote the rearrangement of 5,6-epoxides to 5,8-epoxides over time, thus transforming a portion of violaxanthin into luteoxanthin.
In general the total amount of monoesters (50.2%, mean content) was higher than the total content of diesters (42.9%, mean content). Among the monoesters, the -cryptoxanthin esters were present in the highest amounts. Only diesters of violaxanthin were detected in the samples investigated. Interestingly, among the varieties studied the ester contents were different, showing variability in carotenoid compositions. Among the monoesters, the Valencia variety showed the highest violaxanthin ester amounts (61%), the Brasiliana variety showed the highest -cryptoxanthin ester content (86.9%) and the Tarocco variety had the highest luteoxanthin ester amount (75.7%). Moreover, in general, in the Brasiliana, Ovale, Sanguinello, Valencia and Washington varieties, the monoester contents were higher than the diesters', whereas in the Bionda, Moro and Tarocco varieties the opposite was determined. In fact, the mean value for the ratios between the monoester and diester fractions (monoesters/diesters) among the Brasiliana, Ovale, Sanguinello, Valencia and Washington varieties was 1.45, whereas the mean value for the ratios between the monoester and diester fractions (monoesters/diesters) among the Bionda, Moro and Tarocco varieties was 0.68. As far as the individual compounds quantified in this study are concerned, the cis-violaxanthin-C14:0-C16:0 was the most abundant diester found, reaching the value of 2.57 µg·g -1 in the Sanguinello variety, and the cis-violaxanthin-C14:0 and cisviolaxanthin-C16:0 reached the highest amounts among the monoesters in the Valencia variety; respectively, 2.52 µg·g -1 and 2.06 µg·g -1 . These results seem to indicate that myristic (C14:0) and palmitic (C16:0) acids are actively used in the esterification reactions in the samples studied.
The carotenoid profile and contents in fruits and in their juices may depend on several factors such as genetic factors (variety), geographical area, environmental conditions, fruit ripening stage, processing and storage. Different data for the same investigation may also be obtained by the use of different analytical procedures; this should not necessarily be regarded as a negative point, as in fact sometimes complementary information can be obtained. Our present contribution has provided the native carotenoid profile and contents of orange juices from eight different varieties cultivated in Sicily (Italy), showing for the first time the different contents of free, mono-and diesterified carotenoids present in the varieties investigated. This contribution could also be used to establish authenticity markers among orange varieties that could potentially be used to prevent adulteration.
